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CHAPTER I 
INTRODUCTION
Shigellosis may be transmitted from one person to another by means 
of foods, water, waste materials or inanimate objects. These may harbor 
shigellae and transfer the organisms to a susceptible host. Food and 
water have been responsible for several outbreaks of shigellosis (see 
Table I). Furthermore, the literature cites various food materials 
from which shigellae have been isolated (see Table II), The longevity 
of shigellae in food materials, biological wastes, and inanimate objects 
is of fundamental importance in the epidemiology of shigellosis. 
Shaughnessy, Olsson, Bass, Friewer and Levinson (1947) have reported 
that the infective dose required to produce shigellosis in humans was 
about one billion cells. Therefore, in addition to the length of survival, 
the surviving fraction of the original population is pertinent. The 
literature contains numerous reports of survival studies dealing with 
shigellae in various menstrua and under various conditions (see Tables 
III through VI).
Physical, biological, and chemical conditions prevailing in the 
environment of an organism will affect length and extent of survival. 
Several of the papers cited in Tables III through VI indicated that 
there was a correlation between holding temperature and length of survival. 
It also appeared that organisms survived for longer periods in a desiccated 
state than in a fluid or moist state. Biological factors influenced
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE I
Shigellosis cases that have been traced to 
food and water
Food Product Organism Reference
Milk
Milk
Buttermilk
Milk and milk 
products
Water
Water
Water
Water
Ice
Meat
Meat
Poultry
Salad
Bacterium flexneri
S, sonnei
S. newcastle
S. paradysenteriae
S, flexneri
S. dysenteriae 
Flexner (Hiss)
S. boydii
8. paradysenter!ae 
S, sonnei
Shigella species 
Shigella species 
Shigella species 
Shigella species
Finlayson (1944)
Tucker, Fulkerson, and 
Neudeiker (1954)
Blair (1956)
Feig (1950)
Drachman, Payne, Jenkins, 
Mackel, Peterson, Boring, 
Gareau, Fraser, and Myers 
(I960)
Kinnaman (1944)
Diosi, Lazar, and 
Simionesco (i960)
Feig (1950)
Szturm-Rubinsten, 
Chamfeuil, Huit, and 
Menantaud (I96O)
Feig (1950)
Dauer (1958)
Dauer (1958)
Dauer (1958)
Names cited by references are listed.
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TABLE II
Foods from which shigellae have been isolated
Food Product Organism Isolated Reference
Pork and swine 
organs
Fresh meat
Fish
Frozen shrimp
Shigella species
Shigella species
S. dysenteriae 2 
S. sonnei 
Shigella species
Chambron (1956)
Floyd, Baranski, and 
El-Gannanni (1953)
Floyd and Jones (1954)
Silverman (I96I)
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TABLE III
Survival of shigellae in food materials
Menstruum Organism* Temperature Survival Time Reference
Milk (acid) S. dysenteriae 37 C 1 day Wilson and Tanner (1945a)
pH 4.3 - 4.9 8 C 7-30 days
S, paradysenteriae Flexner 37 C 1 day
8 C 7-56 days
Yoghurt S. flexneri 37 C 48 hours Ozek (1942)
room 48 hours
icebox 48 hours
Milk curd (dahi) "dysentery bacilli" •m* 4 hours Panja and Ghosh (1945)
S. dysenteriae 37 C 48 hours Ghatterjee (1910)
Rye bread S. flexneri room 23 days Bachman and Lodenkamper
(18 strains pooled) -5 to -25 G 2 months (1943)
(10 strains, separately- 
inoculated) -5
S. sonnd.
(3 strains pooled) -5
(l strain)
Si Shiga
-25 C 2 months
room 20 days
-25 C 2 months
room 2 months
-25 G 45 days
73
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TABLE III (continued)
Survival of shigellae in food materials
8 Menstruum Organism Temperature Survival Time Reference
3" Passionfruit S. paradysenteriae room 2 hours Aea and Bushnell (1962)
i nectar base
CD
"n Grape juice Shiga dysentery bacillus - 3 hours Rochaix and Jacqueson (1938)
3-3"CD Orange concen­ S. paradysenteriae -17.8 C 24 hours Hahn and Âppleman (1952a)
CD trate
OQ.c Lime juice, Bacterium flexneri — 24 hours Panja and Ghosh (1945)a . dilute pH 4.43■o undilute - 24 hoursO3"o; Tomato plants Shiĝ ella species — 1 week Rudolph, Falk, and Ragotzkie
CDQ.$ (1951)
1—H3"O Peas S. dysenteriae —9 C 12 weeks Hartsell (l951a)'
■oCD -17.8 C 9 months
3(/) Beef S. dysenteriae -9 C 8 months
o'3 -17.8 C 8 months
Names cited by references are listed
CD■OO
Q .
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■D
CD
C/)
o"3O Menstruum
TABOUE 17 
Survival of shigellae in waters
Organism Temperature Survival Time Reference
8 Well water & shiga 18 days Bartos, Bansagi, and
Bakos (1947)3"
i &
shiga and E. coli 30 days
3CD â î. sonnei 18 days
C3.3"CD - 9 days Talayeva (I96O)
S"DO âr sonnei and E. coli 30 days Bartos et (1947)Q.Ca S. dysenteriae 37 C several days Steur (1941)o3 room to■DO3" -3 C one weekCT
1—HCDQ. â î. flexneri 6 days Talayeva (I96O)
1—H3" Artificial
well water"OCD pH 5.9 5. boydi 5-25 C 469 days Shrewsbury and Barson3(/)' (1957)C/)o' pH 8.0 sonnei, S. shigae 5 and 21 C 196 days
S. flexneri, S. boydi
pH 9.0 S. sonneij 3. shigae. 5 and 21 C 77 days
S. flexneri, S. boydi
Well mud s . shigae, S. sonnei 22 days Bartos et (1947)
CD■DO
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TABLE IV (continued) 
Survival of shigellae in waters
CD
8
CD
3.3"
CD
CD■DO
Q .
Cao3■DO
Menstruum Organism*̂ Temperature Survival Time Reference
River water -
unautoclaved S. flexneri 19-24 C 21 days Talayeva (i960)
autoclaved 12-24 C 47 days
Natural water S. dysenteriae, S. sonnei.
plus 1,2 ppm S. paradysenteriae 2-6 C 20 minutes Butterfield and Wattie
chloramine 20-25 C 20 minutes (m6)
Tap water
dechlorinated S. flexneri 23 C 9 days Talayeva (i960)
S. sonnei 23 C 15 days
autoclaved S. flexneri 23 C 44 days
CD
Q .
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CD
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C/)
Names cited by references are listed
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TABLE V
Survival of shigellae in fecal material 
..Qrg^snf Temperature Survival lime. Reference
Human feces
liquid stool Shigella species - Ô days Dold and Ketterer (1943)
clinical specimens S. dysenteriae 
S. flexneri 
S, paradysenteriae
31 days
32 days 
47 days
Dold and Ketterer (1947)
inoculated S. sonnei, S, flexneri 
Shigella species
room 14.5 days Dold (1943)
specimens 
desiccated feces
room
room
3-4 days 
33 days
Dold and Ketterer (1943) 
Dold and Ketterer (1947)
on filter paper S, dysenteriae I,
S. flexneri,
S, paradysenteriae
113 days Dold and Ketterer (1947)
on linen S, sonnei 
S. flexneri
room
room
30 days 
30 days
Dold (1943)
on copper S. sonnei, S. flexneri - 0 Bychovskaia (1955)
composted Shigella species — 3 months Bhaskaran, Roy, Sanpathkumaran
w
Radhakrishnan, and Mukherji 
(1957)
Names cited by references are listed
■o
II
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CD
(/)COo'3
8
c5'
3
CD
Cp.
CD■oOQ.Cflo
3■oo
CDQ.
Oc
■o
CD
CO
COo'
3
Menstruum
Cotton threads
Cotton balls
Wood
Glass
TABLE VI
Survival of shigellae on inanimate materials
Organism
Holding
Tenperature
 iSÙl____
S. sonnei
S. sonnei
S. sonnei
5-10
20-30
-20
4
37
-20
4
37
8, shigae, S. sonnei 
S. flexneri
S. sonnei -20
4
37
Survival Time 
 _____
Reference
7-10
7-10
36
32
10
44
16
6
20
2Ô
4
1
Spicer (1959)
Nakamura (1962)
Nakamura (1962)
Lodenkamper (1952)
Nakamura (1962)
■o
II
%
C/)
o'3
8
c5'
TAHJB VI (continued)
Survival of shigellae on inanimate materials
3
CP
CP■o
Icao
3■oo
&
oc
C/)
o'
3
Menstruum Organism
Holding
Teî erature
CO
Survival Time 
(days)
Reference
Filter paper S. sonnei -20 34 Nakamura (1962)
4 24
37 3
Aluminum S. sonnei -20 23 Nakamura (1962)
4 12
37 3
O
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survival, since it was noted that shigellae survived longer in well 
water in the presence of Escherichia coli (Bartos et al, 1947), and also 
in clinical stool specimens compared to specimens artificially inoculated 
(Dold and Ketterer, 1943). On the other hand, several workers have 
observed bacterial antagonisms and antibiotic effects of coli and 
other enteric bacteria against shigellae (Fredericq and Levine, 1946; 
Halbert and Gravatti, 1949; Sarkar and Trivedi, 1953; Friedman, Rakover 
and Halbert, I96O; Freter, 1962; Hentges and Freter, I962). Chemical 
and physico-chemical properties of the environment may also influence 
length of survival of bacteria. Shrewsburg and Barson (1957) found that 
survival was greater at pH 5*9 than at pH 8.0 or 9.0. Survival periods 
of shigellae in acid milk, milk curd, and yoghurt were relatively short 
(see Table III). Eagon and Green (1957) attributed the bactericidal 
power of carbonated beverages to the acidity; Ozek (1942) and Gursel and 
Fisek (1953) concluded that the acidity of yoghurt made it an unfavorable 
environment for bacteria. Hahn and Appleman (1952b) thought that total 
acidity, pH, sugar concentration, and temperature might be factors of 
importance in the survival of ̂  paradysenteriae in frozen orange 
concentrate, Lai and Joshi (1952) reported that fresh milk of goats, 
cows, and buffalo exhibited a bactericidal action against ̂  dysenteriae 
which was diminished by heat, age of milk, and age of the animal.
A study of survival rates of ^  flexneri in freeze-dried solutions 
indicated that the survival times were longer in milk than in distilled 
water, physiological saline, 15^ glucose or serum (Kurylo and Pitek,
1953). Garlic and mustard seed were shown to contain factors which killed
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
12
Shigella species at a rate which varied with concentration of the food 
materials and with temperature, but radish, onion, and turnip prepara­
tions possessed no antibacterial activity against shigellae (Ozek, I946)* 
Kanimoto (1955) found that extracts of seaweed were inhibitory to S. 
flexneri; and Pivnick, Englehard and Thompson (1953) found that five 
strains of ^  dysenteriae failed to grow in soluble oil emulsions at 
30 C. The literature contains numerous reports on the presence of anti­
bacterial or bacteriostatic substances in human serum (Schade and 
Caroline, 1946; Hegemann, 1954; Landy, Michael, and Whitby, 1962).
In undertaking this study we felt that an evaluation of the survival 
patterns of shigellae in various foods and biological materials is important 
for further epidemiological and nutritional studies with members of the 
genus. Attempts were made to correlate effects of holding temperatures 
with length of survival. In addition, the surviving fraction of the 
original population under various conditions of storage was studied.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER II 
STATEMENT OF PROBLEM
This investigation was undertaken to study the length and extent of 
survival of Shigella species in selected food products and biological 
materials. The effects of different temperatures upon survival were also 
studied.
13
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CHAPTER III 
METHODS AND MATERIAI^S
1, Organisms Employed
One strains of Shigella flexneri and two strain of Shigella ftnnnei 
were used throughout this investigation. ^  flexneri serotype 2a was 
supplied by Dr. W. H, Ewing of the Laboratory Branch, Communicable 
Disease Center, U. S. Public Health Service, Atlanta, Georgia. S. 
sonnei. 13327, was obtained from Mr. Frank P. Pauls, South Central 
Regional Laboratory, Department of Health and Welfare, Anchorage, Alaska, 
and was isolated from an Eskimo girl living in Bethel, Alaska. ^  sonnei. 
strain B-2569-2, was obtained from Commander T. M, Floyd, Naval Medical 
Center, Bethesda, Maryland; the Naval Medical Center obtained this strain 
from Cairo, Egypt, in July, 1951,■ Cultures were maintained on nutrient 
agar slants, stored at 0.5 C and transferred every four weeks; cultures 
were tested serologically for purity with Bacto-Shigella Antisera (Difco).
2. Culture Media Employed
Nutrient agar was prepared by dissolving 15 g Bacto-Agar (Difco),
5 g Bacto-Peptone (Difco) and 3 g Bacto-Beef Extract (Difco) in 1000 ml 
of distilled water. The pH was adjusted to 7.0 and the medium was auto­
claved for 15 minutes at 15 pounds pressure (121 C). Nutrient broth was 
prepared by dissolving 5 g peptone and 3 g beef extract in 1000 ml of 
distilled water. This was dispensed into test tubes (10 ml), autoclaved, 
and used as the culture medium for growth of inocula and for sterility
14
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cultures. Physiological saline was prepared by dissolving Ô.5 g of 
sodium chloride (reagent grade) in 1000 ml distilled water.
3» Equipment and Reagents Used
The following laboratory equipment and glassware were used during the 
course of this work:
Beckman Zeromatic pH meter
Seitz Filter and Sterilization Filter Sheets (type ST-3)
Hercules Filter Corporation, Hawthorne, New Jersey 
Fiske 0®nometer, serial number 643
Fiske Associates, Inc., Bethel, Connecticut
(Courtesy of Dr. E. W. Pfeiffer, Dept, of Zoology, Montana
State University, Missoula, Montana)
Ultraviolet Light Chamber with 15 watt bulb (General Electric 
G-15T8)
Tube Buzzer, model 130, serial number 5456 3
Hallikainen Instruments, Slaco Division, Berkeley, California 
Darkfield Quebec Colony Counter, model 3330, Spencer 
Waring Blender, single speed model 
glass petri dishes, 92x15 mm
glass test tubes, 13x100 mm, 16x150 mm, and 25x200 mm 
sterile disposable plastic petri dishes, 84x15 mm 
sterile disposable plastic test tubes with plastic caps, 16x100 mm 
Beta-propiolactone, vapor sterilizing grade
Wilmot Castle Conĝ any, Rochester, New York
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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4» Preparation of Menstrua
Throughout this thesis the term menstruum will be used to designate 
the food and biological materials in which survival of shigellae were 
determined. This Is a demarkation from the exact definition of the tern 
as a solvent. Each menstruum was tubed and sterilized, using a method 
compatible to its particular composition. In some cases the menstrua 
were dispensed asoptically into sterile containers,
(a) Milk; Pasteurized, homogenized, whole milk with vitamin D 
added was obtained from a commercial source (Community Creamery, Missoula, 
Montana), dispensed in screw-capped test tubes (16x150 mm) in 9.9 ml 
amounts, and autoclaved,
(b) Saline: Sterile physiological saline was prepared as described 
in the earlier section. The saline was divided into two portions, and 
one portion was adjusted to pH 4.0 with H^PO^, the other to pH 7.0 with 
NaOH, The pH values were determined with the aid of a pH meter. The 
saline was then tubed in 9.9 ml amounts in screw-capped test tubes 
(16x150 mm), autoclaved, and the pH values checked again before inocula­
tion,
(c) Orange juice: Frozen concentrated orange juice (Old South) 
was reconstituted. The pH of the orange juice was 3.7, the juice was 
tubed in 9.9 ml amounts in screw-capped glass test tubes (16x150 mm) 
and autoclaved, A second experiment was performed using aliquots of 
orange juice adjusted to pH 4.0 and 7.0 with H^PO^ and NaOH as the 
menstrua.
(d) Cooking oil: Wesson brand com oil was dispensed in metal-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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capped glass test tubes (13x100 mm) and autoclaved,
(e) "Whole egg; Day-old eggs were obtained from a farm near 
Missoula, Montana, soaked in 70^ alcohol for 5 minutes in a container 
placed in the ultraviolet light chamber, and allowed to drain dry on 
sterile gauze pads. Each egg was broken open aseptically and deposited 
in a sterile Waring blender cup and blended for approximately 3 seconds.
Samples from each cup were cultured on nutrient agar and in nutrient
broth, and incubated at 37 C for 24 hours in order to test for sterility. 
Aliquots that were sterile were reblended for 3 seconds; 1,9 ml aliquots 
were dispensed aseptically into sterile plastic tubes (16x100 mm).
(f) Egg white: Egg white menstruum was prepared by the same method 
as described for whole egg except that the white was aseptically separated 
from the yolk of each egg and only the egg white blended,
(g) Tomato juice: Commercially canned tomato juice (Campbell*s 
Home Style Tomato Juice - lightly salted) was distributed in metal-capped 
tubes (13x100 mm) in 1.9 ml amounts and autoclaved. The pH of the tomato 
juice was 4.5 before and after autoclaving,
(h) Oyster, clam, shrimp, and flour: Commercially canned seafoods
were packaged in metal-capped tubes (13x100 mm) and autoclaved. Whole
oysters (Finer Foods) with added salt and water were cut into pieces 
weighing approximately 1 g each. Minced sea clams (Sonny Boy) with 
salt and mono sodium glutamate added were tubed in approximately 1 g 
amounts. Whole small shrinks (Blue Plate Shor-Pak) with water and salt 
added were found to weigh approximately 1 g each and were tubed indiv­
idually. Bleached and enriched all-purpose flour (Occident) with added
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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bromate was tubed in approximately 1 g amounts in 13x100 mm test tubes 
with cotton plugs, autoclaved, and dried for one hour in a drying oven 
at 65 C. After inoculation with the assay organisms the tubes of flour 
were left in the incubator at 37 C to dry for one hour before storage.
(i) Carbonated beverages: Root beer (Hires) and ginger ale
(Clicquot Club) were inoculated with organisms directly into their commercial 
containers. The bottles were washed with soap and water and opened with 
a bottle opener which had been passed through a flame. The metal caps 
were replaced with sterile rubber stoppers, and 101 ml of the beverage 
removed aseptically from each bottle, leaving a volume of approximately 
99 ml per bottle. Tests for sterility and pH determinations were performed 
on these aliquots. The pH of the root beer was 4.0 and that Of the 
ginger ale 2.9. Only sterile beverages were inoculated with the shigellae.
(j) Urine: Human urine with a pH of 7.2 and osmolarity of 233 
milliosmols was sterilized by filtration and aseptically tubed in 1.9 ml 
amounts in plastic test tubes,
(k) Feces: Approximately 1 g of human feces was placed in tubes
(25x200 mm), plugged with cotton, and autoclaved.
(1) Serum: Human serum was obtained from the Montana State Board
of Health Bacteriological Laboratory, Helena, Montana. The serum was 
then sterilized with beta-propiolactone (BPL) as follows:
(1) Serum was tubed in sterile plastic tubes in 1.9 ml amounts
(2) Three drops of BPL was added to each tube and the tubes were 
shaken to mix the contents
(3 ) The tubes were allowed to stand for 1 hour at room temperature
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(25 C).
(4) Six drops of IN NaOH was added to each tube and the tubes were 
shaken,
(5) The tubes were allowed to stand in a water bath at 50 C for 
15 min,
(6) The sterility and pH of several tubes selected at random were 
checked by culture methods and the pH meter.
(6) The tubes were stored overnight in the refrigerator and the pH 
measured again.
Sterile rabbit and horse serum were obtained from Colorado Serum 
Company, Denver, Colorado, and distributed aseptically in 0,9 ml amounts 
into sterile plastic test tubes. The sera were checked for sterility 
before inoculating with shigellae,
(m) Blood: Expired human blood (lype 0 Rh negative) was obtained
from the blood bank of St, Patrick's Hospital, Missoula, Montana, Red 
cells were removed from a portion of this and the serum was tested for 
agglutination with Shigella cells. The blood was then tubed aseptically 
in glass tubes (13x100 mm) in the ultraviolet light chamber and several 
tubes were sampled for sterility before inoculation with shigellae,
5. Preparation of Inocula
Inocula were prepared from each of the stock cultures by the 
following procedure: cells were transferred to nutrient broth at 24 hour
intervals, cells from the third broth culture were washed three times 
in sterile physiological saline by centrifugation at 2500 rpm for 
10 minutes, the washed cells were suspended in an amount of sterile
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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satline which was sufficient to yield a suspension barely visible to the 
naked eye. After plate counts had been made of each suspension for 
determination of the "zero-hour count", tubes of menstrua were inoculated. 
(The term "zero-hour count" will be used throughout this thesis to desig­
nate the number of cells present in each cell suspension at the time of 
inoculation of menstrua).
6. Inoculation Procedures
Zero-hour counts were determined on all inocula immediately after 
the washed cells had been resuspended in saline. This was accomplished 
by adding 0.1 ml of the cell suspension to 99.9 ml of sterile distilled 
water in a dilution bottle and shaking vigorously to mix thoroughly.
This suspension constituted a 1:1000 v/v dilution. From this, 0,1 ml 
was plated on a nutrient agar plate and 1.0 ml transferred to 9.0 ml of 
sterile distilled water (1:10,000 v/v dilution). One-tenth ml of the 
1:10,000 dilution was transferred to another agar plate and 1.0 ml to a 
9.0 ml water blank (1:100,000 v/v dilution). One-tenth ml was transferred 
to an agar plate to yield a dilution of 1:1,000,000 v/v. This procedure 
was performed in duplicate for each suspension of cells; the suspension 
was spread uniformly over the surface of the agar by means of a sterile 
bent glass rod "hockey stick", and the plates were incubated for 18-24 
hours at 37 C, After incubation, the number of colonies on each plate 
were counted and the zero-hour count calculated by multiplying the number 
of colonies on each plate by the dilution factor and averaging all counts 
for each suspension.
Immediately after plating for the zero-hour counts, the cells were
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distributed using sterile pipettes into tubes of menstrua. In all cases, 
except those utilizing carbonated beverages as menstrua, 0,1 ml of the 
inocula were added to each tube. Inocula for the carbonated beverages 
consisted of 1,0 ml of the cell suspension. The tubes were shaken either 
by hand or the tube buzzer to distribute the Inoculum. A sufficient 
number of tubes of each menstruum was inoculated with each suspension 
to permit at least ten duplicate samplings to be taken.
Inoculated tubes were stored at two or more different temperatures 
depending on the available amount and the nature of the menstruum.
Table VII lists the total tube volume, size of inocula, and temperatures 
at which tubes were stored.
7. Sampling Procedures
At intervals each set of cultures (each organism in each menstruum 
at each temperature) was sampled in duplicate and the number of viable 
organisms determined. Cultures which contained 1 g as total weight were 
diluted by emptying the contents of the tube into a 10 or 100 ml water 
blank and washing the tube with a portion of water reserved from the 
blank. In these cases the dilutions obtained were based on weight/volume 
rather than volume/volume. The tubes were discarded after sampling 
once (except the carbonated beverages). The carbonated beverage bottles 
were handled aseptically during sampling and returned to the incubator 
for future sampling.
In some cases, cultures stored at the higher temperatures became 
completely dehydrated, therefore, these were reconstituted with sterile 
distilled water or saline before ssunpling.
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TABLE VII
Menstrua, volumes, inocula sizes, and storage temperatures of tubes
Menstruum
Tube Size of Storage Temperatures
Volume or Inoculum (C)
Weight ml/tube -20 0.5 25 37
Milk 10 ml 0.1 X X X X
Saline 10 ml 0.1 X X X X
Orange juice 10 ml 0.1 X X X X
Oil 2 ml 0.1 X X
Egg 2 ml 0.1 X X X
Tomato juice 2 ml 0.1 X X X
Egg white 2 ml 0.1 X X X
Oyster 1 g 0.1 X X X
Clam 1 g 0.1 X X X
Shrimp 1 g 0.1 X X X
Flour 1 g 0.1 X X
Carbonated beverages 100 ml 1.0 X X
Feces 1 g 0.1 X X X X
Blood 2 ml 0.1 X X X X
Urine 2 ml 0.1 X X X X
Human serum 2 ml 0.1 X X X X
Rabbit serum 1 ml 0.1 X X X X
Horse serum 1 ml 0,1 X X X X
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Dilutions to be plated were determined from the zero-hour count for 
the first sampling and from preceding survival studies. The interval 
between inoculation and the first sampling of each set of cultures was 
determined by considering the nature of the menstruom, the zero-hour 
count, and the temperature of storage. This interval varied from 3 to 
15 days. Subsequent intervals for sampling were determined by the 
previous count of surviving population, nature of the menstruum, and 
temperature of storage. All plates were incubated for 18-24 hours and 
the number of colonies present on each was counted with the aid of the 
Darkfield Quebec colony counter.
8. Determination of Surviving Numbers
The number of organisms present in each culture on the date of 
each sampling was determined by multiplying the number of colonies 
present by the appropriate dilution factor. The four counts obtained 
for each culture (two dilutions from each of two tubes) were then 
averaged and the average number taken as the population present in each 
tube.
For plates on which colonies were too numerous to allow accurate 
counts, the colonies contained in not less than 6 square cm were counted, 
the average number/cm^ determined, and the total plate count calculated 
by multiplying by the area in cm^ of the plate. The area was equal to 
66.6 cm^ when glass plates were used and 55.4 cm^ when disposable plastic 
plates were used. If colonies were too crowded to permit valid calcula­
tion of the total plate count, these plates were disregarded and counts 
determined from the plates which were not too crowded with colonies for
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accurate counting. If there were no colonies on a plate, the plates 
were disregarded since the lack of growth could have been due to over­
dilution. Plates containing colonies which appeared to be contaminants 
were discarded without counting. When contamination appeared to be 
present in both tubes of a sample, additional tubes from that set were 
checked for contamination. If significant numbers of tubes appeared 
to be contaminated, the whole set was discarded. The surviving fraction 
of the initial population was calculated from each sample according to 
the formula:
Surviving Fraction = population surviving after given number of days
original population
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CHAPTER IV 
RESULTS
It is generally agreed by bacteriologists that plate counting 
techniques are subject to considerable variations. These variations 
arise from pipetting inaccuracies, improper distribution of the organisms 
on the recovery plates, and inaccuracies in counting the numbers of 
colonies, especially when there are large numbers of colonies on a plate. 
For purposes of plotting surviving fraction curves, only values which 
met the following criteria were used: (l) at least two valid counts
were available, (2) only plates on which the colony count fell within 
the range of 1-1000 colonies were taken as valid, (3) surviving fraction 
values of 10“  ̂were taken as the terminal value and sampling was discon­
tinued, (4) surviving fraction curves were plotted only in cases where 
three or more valid points were obtained. In many cases, sufficient 
numbers of tubes were not available to permit sampling until the surviving
_ cfraction reached 10 . No attempt was made to extend the surviving
fraction curves beyond the point of the last valid sample for each graph.
Figures 1 through 9 present surviving fraction curves for the 
shigellae stored in foods.
(a ) Survival of shigellae in food products
1. Survival in milk (Figure 1)
When shigellae were suspended in whole milk and stored at 37 G,
S. flexneri was still viable after 100 days, and S^ sonnei. 1332?,
25
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after 79 days. Cells of Sj_ sonnei. B-2569-2, increased in numbers until 
the 15th day and then declined sharply; the total survival period was 
about 20 days. At 25 C, all organisms increased in numbers until about 
the 15th day, and then gradually declined. This gradual decline continued 
in tubes containing flexneri and ^  sonnei, 13327; the former survived 
more than 1SÔ days and the latter more than 100 days. After SO days of 
storage, the population of sonnei. B-2569-2, dropped sharply, although 
viable cells were still present after 184 days.
S. flexneri increased in numbers for the first three days of storage 
at 0 .5 C, then the number of viable cells dropped sharply until the 
11th day.. After this, a gradual decline in numbers occurred; however, 
viable cells were still present after 55 days. Cells of Sĵ  sonnei.
13327, decreased in numbers until the 6th day, then showed a slight 
increase between the 6th and 11th days which was followed by a sharp 
decline. A small fraction of the original population survived longer 
than 40 days. ^  sonnei. B-2569-2, exhibited a survival pattern similar 
to that of S_̂  sonnei. 13327, with the exception that the population 
declined more gradually after 20 days, and viable cells were still 
present after 55 days of storage. At -20 C, surviving fraction curves 
for all strains were similar. After an initial short drop in numbers, 
a slow rate of decline was observed, and survival was longer than 105 
days in each case. While a decrease in number of cells of ^  flexneri 
was greater than the decreases shown by the other strains, a gradual 
increase toward the end of the storage period brought surviving fractions 
of all three organisms within a fairly narrow range.
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2. Survival in orange juice (Figure 2)
When orange juice, which had been inoculated with shigellae, was 
stored at 37 C, a rapid decrease in population was observed in each 
tube. The behavior of all the strains was similar, and no viable cells 
of sonnei, 1332?, remained after 7 days storage; the surviving
fraction levels for ̂  flexneri and ^  sonnei, B-2569-2, were as low 
as lO""̂  by the 11th day. ^  sonnei, B-2569-2, stored in orange juice 
at 25 C survived at least 11 days, although the surviving fraction 
dropped rapidly up to this point. Valid counts were not obtained from 
samples containing ̂  flexneri until the 11th day of storage, when the 
surviving fraction had almost reached the arbitrary zero point (surviving 
fraction = 2,2xl0” )̂. No values were obtained for the surviving fraction 
of sonnei. 13327, under these storage conditions.
Survival of shigellae in orange juice was greater at 0.5 C than 
at the other temperatures tested, and population decreases were evident 
in all samples after storing for 4 days. Between the 7th and 12th days, 
the populations of those tubes which had been inoculated with flexneri 
and ̂  sonnei, B-2569-2, reached a stationary stage and then declined.
S. flexneri survived at least 20 days, ^  sonnei, B-2569-2, at least 
17 days, and ̂  sonnei, 13327, survived for at least 41 days. The 
populations of ̂  flexneri and ̂  sonnei, 13327, in orange juice stored 
at -20 C decreased until at least the 7th day; a slight increase in 
numbers apparently occurred subsequent to this. Valid counts could not 
be obtained for ̂  flexneri after 11 days; ^  sonnei, 13327, survived 
for at least 24 days, but no survival of ̂  sonnei. B-2569-2, could be
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demonstrated after 4 days.
In an effort to evaluate the killing action of factors other than 
acidity upon length of survival of shigellae in orange jtd.ce, a second 
set of tubes was prepared using orange juice which was adjusted to pH 7.0 
as the menstruum. The survival was compared to that in orange juice that 
had not been neutralized. The results are listed in Table VIII.
S. sonnei. 13327, survived longer at the lower pH when stored at -20 C.
A set of cultures was inoculated into physiological saline for 
purposes of determining the effects of pH on survival times of shigellae. 
Saline was adjusted to pH 4.0 and 7.0, inoculated with each of the strains, 
and stored at various temperatures. Results of these experiments are 
listed in Table IX. sonnei. strains 13327 and B-2569-2, survived 
for longer periods in saline at pH 7.0 than at pH 4.0, ^  flexneri
survived for longer periods at 25 C and.0.5 C in the lower pH, but 
survival time was longer in the saline of higher pH at -20 C, and was 
comparable at 37 C in saline of both pH values.
3. Survival in whole egg (Figure 3)
An increase in numbers occurred in tubes of whole egg at 25 C 
during the first 13 days of storage. After a decline in numbers between 
days 13 and 39, populations of Ŝ _ flexneri and ^  sonnei. B-2569-2, 
apparently attained a stationary state, and counts were well above the 
originals on the 54th day of storage, when the last valid counts were 
obtained. The last valid counts for surviving fraction of ^  sonnei. 
13327, were obtained after 39 days of storage, but until this time the 
surviving curve was similar to that obtained for ̂  sonnei, B-2569-2.
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TABLE VIII
Survival times (days) of shigellae in orange juice at
pH 4.5 and 7.0
Shigella Shigella sonnei Shigella sonnei
Temperature flexneri 1332? B-2569-2
(C) pH 4.5 pH 7.0 pH 4.5 pH 7.0 pH 4.5 pH 7.0
37 11 14 7 10 11 10
25 —  16 —  44 11 37
0.5 20 24 41 48 17 48
-20 11 10 24 10 —  14
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TABLE IX
Survival times (days) in physiological saline 
at pH 4.0 and 7.0
Shigella Shigella sonnei Shigella sonnei
Temperature flexneri 13327 B-2569-2
(C) pH 4.0 pH 7.0 pH 4.0 pH 7.0 pH 4-0 pH 7
37 9 9 20 B 8 8
25 9 20 42 9 20 9
0.5 9 19 29 9 9 9
-20 19 9 19 9 9 9
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A steady decline in surviving fraction of cells stored at 0.5 C was 
noted, although at one point, between 5 and 10 days storage, numbers of 
S. flexneri increased, ^  flexneri and ^  sonnei. 13327, survived 
longer than 26 days, and sonnei, B-2569-2, longer than 29 days. A 
fairly constant rate of decline in numbers was noted in all cultures 
stored at -20 C, and viable cells of ^  flexneri were still demonstrable 
after 70 days, and those of both strains of ^  sonnei after 83 days.
4. Survival in egg white (Figure 4)
Surviving fractions of populations were rather sharply diminished 
in egg white stored at 0,5 C; flexneri and ^  sonnei. B-2569-2, 
reached the zero point on the 24th and 25th days of storage, respectively. 
Viable cells of ^  sonnei, 13327, could not be demonstrated after the 
20th day. A more gradual rate of decline in numbers occurred in egg 
white stored at -20 C; flexneri survived more than 47 days and the 
two strains of ^  sonnei more than 66 days,
5. Survival in oyster (Figure 5)
Numbers of ^  sonnei, 13327, increased during the first 5 days of 
storage in oyster at 0,5 C, and viable cells persisted longer than 
50 days. Populations of flexneri and ^  sonnei, B-2569-2, decreased 
during the first 5 days; flexneri survived longer than 36 days and
S. sonnei, B-2569-2, longer than 48 days. At a storage temperature of 
-20 C, both strains of sonnei increased in number during the first 
few days, but plate counts of flexneri indicated a ten-fold decrease. 
Decreases after the 5th day were gradual in all cultures and all survived 
more than 132 days.
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6. Survival in clam (Figure 6)
At a storage temperature of 25 C, the populations of ^  flexneri 
and sonnei, B-2569-2, increased until at least the 30th day of storage 
in minced clam. Cultures of ^  flexneri and sonnei, 13327, still 
contained viable cells after 78 days. Those of ^  sonnei, B-2569-2, 
reached the zero point after 75 days. At the other temperatures, 
surviving fractions decreased during the first interval before sampling; 
all cultures persisted more than 54 days at 0,5 C and more than 78 days 
at —20 C,
7. Survival in shrimp (Figure 7)
Valid counts of viable cells in shrimp stored at 0,5 C were obtained 
only for cultures of flexneri and ^  sonnei, B-2569-2, Surviving 
fractions appeared to decrease until the 20th day, after which that of 
S. flexneri entered a stationary phase and that of sonnei. B-2569-2, 
decreased until the 26th day, when the last valid counts were obtained.
At a storage temperature of -20 C, populations of all cultures decreased 
more rapidly during the first 15 days than later in the storage periods;
S. flexneri survived longer than 68 days, and both strains of sonnei 
longer than 77 days,
8. Survival in flour (Figure 8)
When flour inoculated with Shigella species was stored at 25 0, 
populations of S_̂  sonnei. B-2569-2, increased, then declined, and appeared 
to have reached a stationary state after approximately 40 days; survival 
time was more than l68 days. The sumriving curve for ^  sonnei, 13327, 
indicated an initial drop in numbers, a stationary phase after about
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20 days, and a total survival time of more than 182 days. Numbers of 
S. flexneri apparently declined, increased, then declined again, and 
survived at least 103 days. Under storage conditions prevailing at 
0,3 C, a nearly stationary period was followed by a sharp decrease in 
numbers, then by more gradual decreases, and numbers of flexneri 
and S. sonnei, 13327j increased slightly during the storage period and 
persisted for at least 182 days. 3^ sonnei, B-2569-2, survived longer 
than 168 days.
9. Survival in tomato .juice (Figure 9)
After an increase in the number of surviving cells during the early 
part of storage, a sharp decrease was noted in tomato juice cultures of 
S, sonnei. 13327, and only a small fraction of the original population 
remained alive after 27 days storage at 25 C. Valid counts for tomato
juice cultures of flexneri and ̂  sonnei. B-2569-2, at 25 C were
not obtained. ^  sonnei. 13327, was also able to survive longer than 
the other strains in tomato juice stored at 0,5 C; viable cells could 
still be demonstrated after 44 days. Survival of the other strains 
appeared to be only approximately 20 days at this temperature.
10. Survival in carbonated beverages (Figure 9)
S. flexneri survived at least 6 days in root beer at a temperature 
of 37 C, but less than 3 days at 25 C. Both strains of ^  sonnei 
survived less than 3 days at either temperature. All strains survived 
less than 3 days in ginger ale at 25 C and 37 C.
11. Survival in cooking oil ( Figure 9)
Fifteen days was the maximum survival time of ^  sonnei. 13327,
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and B-2569-2, in cooking oil at 25 C. Survival curves were not obtained 
for ̂  flexneri at this temperature, nor for any strain at 37 C.
Figures 10, 11, and 12 show relative lengths of survival of each 
species in food products. Only menstrua for which valid surviving 
fraction curves could be calculated are represented in these graphs,
(B) Survival of shigellae in biological materials
1. Survival in urine (Figure 13)
Cultures of flexneri and ̂  sonnei. 13327, were placed in human 
urine and stored at 37 C. The population increased initially and then 
decreased; however, the cells were still viable after 52 days. 8̂  ̂sonnei, 
B-2569-2, survived for more than 72 days. Populations of all three 
strains increased during the first 4 days of storage at 25 C. ^  flexneri 
and S^ sonnei, 13327, survived more than 103 days at this temperature, 
and ^  sonnei, B-2569-2, more than 72 days. Viable counts of ̂  sonnei, 
13327, and B-2569-2, dropped sharply at 0.5 C; the former survived for 
at least 27 days and the latter for at least 18 days. Numbers of viable 
cells of S^ flexneri dropped sharply also, but a short stationsly phase 
occurred during the storage interval of 13 to 24 days, and survival was 
at least 39 days,
2. Survival in feces (Figure 14)
During the first 10 days of storage in human feces at a tençierature 
of 0,5 C, both strains of ̂  sonnei underwent sli^t increases in 
population. ^  sonnei, 13327, was still viable after 59 days and
S. sonnei, B-2569—2, after 42 days; surviving fractions of ̂  flexneri 
diminished slightly during the first 10 days and survived at least 34
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
44
LOÜJ
0  3
LÜ
O
ocvi
o U U u
o m mCvJ1 d <M
CO
B □ m
< %'
i;-.“
«»
— 1—Oin
I
o
o
— r—
om
(5Ab p ) 3IAII1
t<//
(f)T3OO
g
o  §
a  J3  G)
O  .91
c  Ü
*5
"m>
g
tB
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
46
CO 
LU
q: (j U  U  cj
5 8  3  S f t
Ocr, 'ZLU
5 ^p S D E D
O ÜJ%  H-
E S[
l \ \  \ \ \
I
k \ x \ \ \ s
IS
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days. When cultures in feces were stored at -20 C, initial decreases 
in surviving fractions were noted for all strains, but all populations 
underwent periodic increases during the storage periods. ^  flexneri 
survived more than 62 days, sonnei. B-2569-2, more than 59 days, and 
S. sonnei. 13327, more than 116 days.
3. Survival in sera
a. Rabbit serum (Figure 15)
In rabbit serum surviving fractions of all strains decreased 
throughout storage periods at 0.5 and -20 C, with the exception of the 
surviving fraction of ^  flexneri. which increased at one point near the 
end of the storage period at 0.5 C. Lengths of survival at 0.5 C were 
more than 21 days for flexneri. and more than 12 days for both S. 
sonnei. 13327, and B-2569-2. At -20 C survival times for S^ f lexne ri 
and ̂  sonnei. 13327, were at least 26 days; for ̂  sonnei, B-2569-2, 
at least 19 days,
b. Horse serum (Figure l6)
Substantial increases in populations were demonstrated by the two 
strains of sonnei stored in horse serum at 25 C; strain 13327 survived 
for more than 26 days, and strain B-2569-2 for more than 56 days. Valid 
data were not obtained for survival of ^  flexneri. At the lower tempera­
tures all surviving fractions decreased from the beginning of the storage 
period and survival at 0,5 C was: ^  flexneri. at least 15 days; S.
sonnei. 13327, at least 20 days; ^  sonnei. B-2569-2, more than 26 days. 
Death occurred less rapidly at -20 C, where viable cells of flexneri 
could still be demonstrated after 36 days, and those of the two strains
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of S_j_ sonnei after 49 days,
4. Survival in blood (Figure 17)
The population of ̂  flexneri remained unchanged for a few days 
when stored in human blood at 37 C, then increased sharply, then decreased 
even more sharply, and survived for at least 133 days. An initial 
increase in numbers of S^ sonnei, 13327, was followed by a rather erratic 
surviving fraction curve and viable cells persisted for more than 77 days.
5. sonnei. B-2569-2, also survived more than 77 days, but higher surviving 
fractions were observed throughout the storage period than with the other 
strain of this species. At 25 C, all counts indicated slight initial 
increases in numbers, ^  flexne ri continued to increase and persisted 
for more than 68 days with only a slight total decrease in numbers.
More rapid death of ̂  sonnei, 13327, and B-2569-2, was apparent, and 
survival times were at least 15 days, and at least 11 days, respectively. 
The behavior of flexneri and ^  sonnei, B-2569-2, stored at 0,5 C 
was comparable and indicated continuous death of cells at a rapid rate. 
Surviving fractions of flexneri reached the zero point after 11 days, 
and those of S, sonnei. B-2569-2, after 18 days, Valid curves could not 
be calculated for ̂  sonnei. 13327, from available data. Figures 18,
19, and 20 are graphs which represent survival of shigellae in biological 
materials in those cases for which valid surviving fraction curves could 
be plotted.
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CHAPTER V 
DISCUSSION
Shigella flexneri serotype 2a and ̂  sonnei. strains 13327 and 
B-2569-2, have been shown to survive for varying lengths of time when 
stored at different tençeratures in various foods and biological 
materials. Any response to the environment noted should be considered 
from the viewpoint of all characteristics inherent in a particular 
organism. Species and strain differences might have a significant 
influence on survival rates. The existence of such differences has 
been documented by many authors of textbooks of bacteriology (Braun,
1933; Oginsky and Umbreit, 1955; Pelczar and Reid, 195#; Wilson and 
Miles, 1961; Edwards and Ewing, 1962), The literature provides extensive 
evidence of the existence of species and strain differences. Specific 
examples are listed in Table X.
It has been suggested by many woricers that growth and/or length of 
survival are proportional to initial cell concentrations (Gunderson and 
Rose, 194#; Record and Taylor, 1953; Major, McDougal and Harrison,
1955; Talayeva, I960; Mead, Wessman, Higuchi and Surgalla, I960; Bretz, 
I96I; Nakamura and Pitsch, 196I; Waisbren and Brown, 1962), If this is 
true, it would seem that the survival times observed here might not 
actually represent maximum survivals, since no determinations were made 
as to the optimum cell concentration for survival of the organisms 
eaç)loyed, and arbitrary initial counts of 1.2x10^ to 3.6xlo'̂  were used
57
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TABLE X
Species and strain differences exhibited by bacteria
OrRanism(s)̂ Observed Differences Reference
E. coli strains
E, coli strains
Bact, coli
S. hemolyticus strains
Colicine production
Resistance to bactericidal activity of 
human serum
Survival after freeze-drying
Resistance to bactericidal activity of 
human serum
S. seftenberg strains Heat resistance
Salmonella - 3 species
Salmonella and Shigella 
strains
Shigella strains
S. shigae, flexneri and 
sonnei
S. sonnei strains 
S. sonnei (19 strains)
Influence of pH on survival and 
generation times
Influence of varying concentrations of 
sodium sulfate and magnesium sulfate
Amount of glutamic and aspartic acids
Influence of the absence of minerals 
on growth rates
Amounts of two major antigens
Thiamin and niacin requirements
Levine and Tanimoto (I960)
Waisbren and Brown (1962) 
Record and Taylor (1953)
Tillett (1937a)
Anellis, Lubas and Martin 
(1954)
Banwart and Ayers (1957) 
Lomberg (1950)
Mizuno, Otsu and Kosaka (1951)
van Heyningen (1955)
Glynn and Starkey (1939)
Pitsch (I960)
»
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TABUE X (continued)
Species and strain differences exhibited by bacteria
Organisme s)̂ Observed Differences Reference
S« boydii serotypes 
5. flexneri strains 
S. flexneri serotypes 
S» flexneri 3a (5 strains)
Susceptibility to colicines
Mucinase production
Fimbriae formation
Nitrogen and vitamin requirements
Ikari, Robbins and Parr (1958) 
Formal and Lowenthal (1958) 
Duguid and Gillies (1957)
Pan, Yee and Gezon (1952)
VtvO
Names cited by references are cited
60
as inocula. Conversely, other workers have reported that Initial cell 
concentrations did not proportionately affect the length of survival of 
various organisms under various conditions (McCleskey and Boyd, 1949; 
Rudolphs et 1951; Kurylo and Pitek, 1953; Elliott and Brant, 1957;
Aea and Busnell, 1962).
Nutrient agar was used as the recovery medium throughout this 
work. Although the stock cultures exhibited good growth on this medium, 
metabolic changes due to conditions of storage may have occurred during 
the storage periods which changed the nutritional requirements of the 
stored organisms. If, because of such injury, any of the strains 
employed developed a requirement for any substance not available in 
nutrient agar, recovery rates might represent only numbers of biologically 
undamaged cells, and not numbers of cells still viable. Hartsell 
(1951a and 1951b) has reported that only highly nutritive media yielded 
maximum cell counts for suspensions of Escherichia coli. Micrococcus 
aureus. and ̂  dysenteriae after storage in the frozen state. Addition 
of meat extract, peptone, or Casamino acids to synthetic media was found 
by Nakamura and Dawson (1962) to improve recovery of frozen cells of 
S. sonnei. McCleskey and Christopher (1941) observed that ordinary 
dilution water used for making plate counts was not satisfactory for 
recovery of Eberbhella typhosa from frozen strawberries. Metabolic 
injuiy during storage might have made the shigellae of this work sensitive 
to the distilled water used as diluent, with resulting inaccuracies in 
calculation of total survivors.
The cells which constituted inocula in these experiments were
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18-24 hours old, and therefore presumably in the late logarithmic or 
early stationary phases of growth. It seems possible that cells are 
more resistant to environmental changes and adverse conditions during 
this phase than cultures from osrlier or later stages in the growth 
cycle, and that the survival times observed might then be the maxima 
for these organisms under the set conditions. Mead ̂  al, (I96O) 
reported that cultures in the early log phase possessed poor survival 
characteristics and that best survival of Pasteurella -pestis was 
obtained with cultures harvested at the end of or just beyond the loga­
rithmic growth phase. This confirms the work of Naylor and Snith (1946) 
working with dehydration and storage of Serratia marcescens, and of 
Meynell (195Ô) who found that cells of ̂  coli were completely resistant 
to the effects of sudden chilling during the stationary phase of growth, 
Toyokawa and Hollander (1956) and Sherman and Cameron (1934) also 
reported maximum susceptibilities to damaging environmental factors in 
young cells of ̂  coli, and Peterson and Hartsell (1955) stated that 
sensitivity to lysozyme was exhibited only by young cultures of several 
gram negative bacteria, including Shigella species.
Aging of cells within a culture might account for sharp drops 
in numbers of survivors toward the end of the storage period. Many 
bacteriologists have postulated cellular loss of the ability to synthe­
size enzymes and adapt to environmental conditions as a result of aging 
(Stephenson, 1949j Clifton, 1957; Giese, 1957; Umbreit, I962),
Decreases of numbers of viable cells might also be influenced by 
depletion of the nutrient materials available in a bacterial culture.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
62
This is a fairly well-established factor in cessation of growth and 
death of cultures (Walter and McBee, 1955j Oginsky and Umbreit, 1958).
Sterilization procedures used in preparation of the menstrua 
might have effected changes in their chemical or physical make-up.
It has been shown that influence upon bacterial growth and survival 
can be exerted by varying concentrations of hydrogen ion (Cruess and 
Richert, 1929; Naylor and Smith, 1946; Carlucci and Framer, I960; Mead 
et al, i960), organic acids (Levine and Fellers, 1940; Nunheimer and 
Fabian, 1940; Erickson and Fabian, 1941, 1942; McFarlane and Goresline, 
1943; Fabian and Graham, 1953), metals (van Heyningen, 1955) and 
mineral salts (Levine and Fellers, 1940; Nunheimer and Fabian, 1940; 
Lomberg, 1950; Fabian and Graham, 1953; Shipe, Fields and Shea, I96O), 
Concentrations of any of these substances present in the unsterilized 
material might be increased due to loss of water by heating during 
autoclaving. Both the heat and the pressure exerted upon the menstrua 
during autoclaving might serve to change the nature of some constituents 
such as sugars, antibiotic or toxic substances, and colloidal or 
suspended solids which influence growth and survival of organisms 
(Hilliard and Davis, 1918; Sandholzer and Tittsler, 1934; Greenberg, 
1959; TaQ.ayeva, I96O; Carlucci, Scarpino and Framer, I961),
Shaking and mixing of the inocula prior to inoculation of menstrua 
might have decreased the initial viable cell count due to rupture of 
cells in the inocula. However, according to Record and Taylor (1953) 
cell-free filtrates of bacteria protected whole cells from some types 
of environmental damage, Halvorson, Wolf and Srinivasan (I96I) stated
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that intracellular bacterial material had a protective effect, and 
DeLamater, Babcock and Mazzanti (1959) reported on the existence of 
cellular material in cultures of Bacillis megaterium called a "leakage 
factor" -which seemed to stimulate cell metabolism.
Only sonnei increased in numbers when stored in oyster at -20 C« 
The other cultures decreased in numbers upon storage at -20 C which was 
followed by a prolonged stationary phase. This agreed with the results 
of others who worked with cultures at freezing temperatures (Hilliard 
and Davis, 1918; Wallace and Tanner, 1935; Lockhead, 1936; Weiser and 
Osterud, 1945; Gunderson and Rose, 1948; Wolford, 1950; Hartsell,
1951b; Hahn and Appleman, 1952a; Major ̂  ai, 1955; Reeves and Harrison, 
1957; and Clement, 1961).
Freezing was apparently a factor in injury or death of organisms 
in the cultures stored at -20 C. Different explanations for the harmful 
effects of freezing and thawing upon bacteria are cited in the literature. 
These are listed in Table XI.
Most of the explanations listed in Table XI have been accepted, 
although Borgstrom (1955), Harrison and Cerroni (1956), and Bretz 
(1961) refute the theory of mechanical crushing due to ice crystal 
formation, furthermore; Bretz (1961) stated that concentrated solutes 
due to freezing have little effect upon survival or death of micro­
organisms. Hartsell (1951b) and Halvorson et (1961) observed that 
growth initiation seemed to be enhanced in frozen cultures.
It is a generally known fact that enzyme activity in the bacteria 
proceeds at a rate in direct proportion to the temperature of the environ—
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TABLE XI
Factors affecting decreased viability of microbial cells 
at freezing and subfreezing temperatures
Factor Reference
Mechanical injury due to ice crystal 
formation
Nature and concentrations of solutes 
and suspended solids
Dehydration of cells
Metabolic injury
Colloidal changes 
Alteration of cell membrane 
Intracellular ice formation 
Decreased enzyme activity 
Dénaturation of protein
Interaction between individual 
cells before freezing
Hilliard and Davis (I9I8) 
Weiser and Osterud (1945) 
Ayers (I96I)
McFarlane (1940, 1942) 
McFarlane and Goresline (1943) 
Hahn and Appleman (1952a) 
Squires and Hartsell (1955) 
Woodburn and Strong (196O) 
Clement (196I)
Halvorson et (I96I)
Berry (1933)
Haines (1938)
Hartsell (1951a)
Nakamura and Dawson (1962)
Ayers (196I)
Halvorson et al, (196I)
Mazur (I96O)
Halvorson et (1961)
Borgstrom (1955)
Straka and Stokes (1959)
Bretz (1961)
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ment (Oginsky and Umbreit, 1955; Pelczar and Reid, 1958; Halvorson ̂  al, 
1961), This decreased enzymatic activity might contribute to longevity 
of organisai by causing delays in depletion of nutrients and in aging of
cells in a culture. Furthermore, the chemical makeup of the menstrua
employed in these experiments differed widely and their constituents 
might have offered protection to cells from freezing damage in some 
cases.
In general, cultures in these experiments stored at 0.5 C did not 
survive as long as those stored in the same menstrua at —20 C. This 
might be partially explained by the theory that enzymatic activity 
(and therefore metabolism) increases with temperature, and leads more 
quickly to depletion of nutrients and death due to aging of cells.
Decreased solubility of nutrients might also have led to lower rates of
metabolism due to the incapability of fluids to hold matter in solutions 
at low temperatures.
The harmful effects due to freezing noted by some workers might not 
have occurred in cells chilled rather than frozen. Sherman and Cameron 
(1934)» ' however, reported killing of young cells of Bacterium coli by 
sudden chilling. On the other hand, Meynell (1958) found that sudden 
chilling of cultures of ̂  coli caused death only when certain solutions 
were used as diluents. Damage due to chilling might have affected the 
permeability of the cell membrane (Halvorson et I96I) to an extent 
that optimal diffusion of nutrients was impaired. It seems possible 
that dehydration might also be a factor influencing survival at this 
storage temperature. Heat generated during metabolic activity might
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lead to some degree of loss of water from cells to the environment,
A great deal of work has been done on the tolerance of micro­
organisms to varying concentrations of solutes at different temperatures, 
Clement (I96I) found that survival of cells protected by glucose was 
inversely proportional to storage temperature of ̂  coli cells; Reeves 
and Harrison (1957) found survival in sodium chloride to be better at 
higher storage temperatures; and yeasts were shown to survive in orange 
beverage base of low pH containing sodium benzoate for a longer time 
when inoculated into base at 2 0 than at 30 C by Evans, King, and 
Bartholomew (1949)*
Survival in food products stored at 0,5 C showed considerably less 
uniformity than those in biological materials at this temperature.
Initial decreases in numbers were evident in most cultures, but were 
followed by well-defined and prolonged periods of stability in numbers 
only in the cases of Shigella species stored in flour. Surviving fraction 
curves of shigellae stored in biological materials at 0,5 C showed 
similarity to those obtained when the storage temperature was -20 C, but 
in most cases the initial decrease continued without entering a stationary 
phase until the end of the storage period.
Variations in survival patterns of cultures held at this tempera­
ture can probably be most adequately explained on the basis of the 
chemical and physical characteristics of menstrua used, and these will 
be discussed separately later,
Shigellae stored in food materials at 25 C generally persisted for 
periods less than or approximately equal to those of the same foods
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stored at -20 C, and longer than those stored at 0,5 C. Available 
surviving fraction curves indicate that significant increases in numbers 
(more than ten-fold) occurred only in cultures in milk, clam and whole 
egg, and that an initial decrease in numbers followed by a stationary 
phase occurred only in cultures in flour. Cultures stored in milk were 
notable exceptions in that at 25 C they remained viable for longer 
periods than cultures held at either of the lower temperatures. Cultures 
of Shigella species persisted in feces for shorter periods of time when 
stored at 25 C than at -20 C or 0.5 C, but other biological materials 
stored at 25 C exhibited survival periods comparable to or longer than 
those at the lower temperatures. Only a few valid surviving fraction 
curves could be calculated for cultures stored at this temperature in 
biological materials, but with one exception (S^ sonnei. 13327, in human 
blood), a marked increase in numbers was exhibited by cultures in these 
menstrua. Possible explanations for these results will be considered 
in the following section.
Differential toxic and/or protective properties of solutes in the 
menstrua have been shown to be dependent upon temperature (Evans et al, 
1949; Reeves and Harrison, 1957; Clement, I961). Several factors 
influencing survival in regard to holding temperatures which have been 
previously discussed might also be applied to survival at this tempera­
ture. Increased rates of metabolism exhibited by cultures at 25 G 
over those at lower temperatures might lead to earlier depletion of 
nutrients and aging of cells. Conversely, this increased rate might 
allow the physiological processes of cells to proceed at a more nearly
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optimum, and more efficient rate, and this might be a factor in favor 
of prolonged survival. Two factors which have not been considered 
previously might have adverse effects upon survival at higher tempera­
tures: (l) evaporation and dehydration of the menstruum might lead to
deleterious concentrations of some solutes, and thence to dehydration of 
cells due to osmosis; (2) the effects of high temperature upon the 
menstrua might also degrade them chemically, which could change the 
nature and amounts of nutrients available to cells as storage time 
progressed. Loss of water from both the menstrua and the cells might 
serve to shorten the life of the organisms.
Optimum growth temperature for members of the genus Shigella is 
37 C (Breed, Murray, and Smith, 1957). Cultures of shigellae stored at 
this temperature should therefore be able to metabolize at the most 
efficient rate and multiply in any substrate which provides a reasonably 
suitable environment. When shigellae were stored in food materials at 
this temperature, only those cultures for which milk was the menstruum 
exhibited the type of survival curve generally indicative of optimal 
growth and survival. In other menstrua for which surviving curves were 
plotted, death apparently occurred as a linear function of time, and in 
only a few cases did shigellae remain viable at this temperature for 
periods comparable to those obtained at other temperatures. However, 
survival in biological materials at 37 C was generally apparent for longer 
periods, and in the cases where human blood was the menstruum was 
considerably longer than when other biologicals were menstrua. Surviving 
fraction curves indicated a marked increase in bacterial populations in
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urine and blood at this temperature.
Drying of menstrua and microbial cells, increased concentrations of 
solutes, differential toxicity of solutes, aging of cells and depletion 
of nutrients, and heat degradation of menstrua have all been discussed, 
as correlated to temperature, and all could be factors influencing 
survival at this temperature. When a direct relationship exists between 
these factors and increase in temperature, they might all be expected 
to influence survival in a similar fashion but to a greater degree at 
37 C than at 25 C.
Chemical, physical and biological characteristics of the materials 
employed as substrates in these experiments undoubtedly exerted influences 
upon survival of the organisms suspended in them.
Milk probably represents an optimal substrate for most bacteria, 
including Shigella species, since it contains lipids, carbohydrates, 
vitamins, minerals, proteins and water. Furthermore, the colloidal 
nature of lipids and proteins in milk offers protection from physical 
factors in the environment, as does its buffering capacity. Many reports 
of the protection by milk of microorganisms subjected to adverse environ­
mental conditions have been cited in the literature (Hilliard and Davis, 
1938; Kurylo and Pitek, 1953; Clement, I961). Under normal conditions 
of storage, organisms other than shigellae in milk might cause a decrease 
in pH which would limit survival of shigellae. Lactic acid which results 
from fermentation of lactose, has been shown to inhibit microbial life, 
and Mfeirsh (1918) reported that ^  dysenteriae (Flexner) did not survive 
in acid milk at room temperature. Wilson and Tanner ( 1945b) found that
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S. dysenteriae and ̂  paradysenteriae survived in milk with pH values 
of 3 .9 - 4-2. They also demonstrated that survival was better in milks 
acidified slowly by bacterial action than in milk to which acid had 
been added. Germicidal action of lactic acid was reported by Fabian and 
Graham (1953). This confirmed the work of Erickson and Fabian (1942) 
who also reported that some degree of germicidal action was exhibited 
by lactose. Although lactose is feraiented by ̂  sonnei after prolonged 
incubation (Breed et 1957; Edwards and Ewing, 1962; Nakamura and 
Clausen, 1962), lactic acid is formed in small amounts, and its effect 
upon the pH of the milk would probably have no significant effect upon 
survival of shigellae in this menstruum. Similarly, the fermentation 
of glucose by flexneri might have negligible results, from the stand­
point of survival.
Orange juice is rich in organic acids, mineral salts, carbohydrates, 
vitamin 0 and water. Rockland (1959) demonstrated the presence of 
seven free amino acids in the juice from oranges, and Silber, Becker, 
Cooper, Evans, Fehder, Gray, Gresham, Rechsteiner, and Searles (I96O) 
reported that peeled oranges contained significant amounts of alanine, 
arginine, and aspargine. These might be expected to offer protection 
as well as nutrients for microorganisms suspended in orange juice, but 
the results of these experiments indicate that survival was short as 
compared to that in other menstrua. Possibly some of the constituents 
of orange juice had an adverse effect on the survival of Shigella 
species. Organic acids, notably citric, have been shown by several 
workers to exhibit lethal action against bacteria (Erickson and Fabian,
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1942; Hahn and Appleaiian, 1952a, 1952b; Fabian and Graham, 1953)*
The inhibitory effect of sugars upon microorganisms has also been 
extensively investigated (Nunheimer and Fabian, 1940; Erickson and 
Fabian, 1942; McFarlane, 1942c; McFarlane and Goresline, 1943; Hahn and 
Appleman, 1952b; Fabian and Graham, 1953) and inhibition has been 
correlated with pH (Levine and Fellers, 1940; Nunheimer and Fabian,
1940; McFarlane, 1941; Erickson and Fabian, 194a; Hahn and Appleman,
1952b).
Orange juice adjusted to neutrality apparently provided an inproved 
environment for survival of shigellae only at two storage temperatures 
(25 and 0.5 C). This would indicate a relationship between temperature 
and pH which affected survival. The relatively short survival times in 
orange juice observed in these experiments was in agreement with the 
results obtained by Faville, Hill and Parrish (1951) and Hahn and Appleman 
(1952a,b).
Little conclusive data were obtained from comparisons of survival 
times in physiological saline at pH values of 4.0 and 7*0, but in general,
S. sonnei. 13327, and B-2569-2, were apparently able to survive longer 
at the lower pH than flexneri.
Egg shell membranes and egg white have been reported to inhibit 
the penetration of bacteria into eggs and their survival in them (Line- 
weaver and Murray, 1947; Stokes and Osborne, 1956; Garibaldi and Stokes, 
1958; Garibaldi, I960), but Hartsell (1951b) reported stimulation of 
the generative processes of dysenteriae and other organisms stored in 
liquid whole eggs at freezing temperatures. Elliott and Brant (1957)
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postulated that the membrane promoted growth of bacteria; ¥oodbum and 
Strong (i960) observed that the addition of egg white to phosphate buffer 
resulted in prolonged survival of frozen Streptococcus faecalis.
Drying of the menstruum in the tubes stored at 25 C was more rapid
in the case of egg white than whole egg, and was a factor in determining
the survival of organisms. Accurate quantitative data for survival in 
egg white at 25 C were not possible in these studies. However, viable 
counts which were obtained indicated that numbers of survivors of 
S. flexneri decreased initially and those of both strains of ^  sonnei 
increased. Although no conclusions can be drawn as to probably length
of survival in egg white at this temperature, it would seem that there
was a difference in behavior of the two species which was generally 
similar to that observed in whole egg. In whole egg, the surviving 
fraction curve of ̂  flexneri was similar in shape to those of ^  sonnei, 
13327, and B-2569-2, but the fractions were consistently lower.
In cultures stored at 0.5 C, death of shigellae was more rapid in 
egg white than in whole egg. This might be attributed to greater 
concentration of inhibitory factors in egg white, or to greater protec­
tive ability of whole egg, perhaps due to higher concentrations of 
protein materials. Survival curves in egg white and whole egg stored 
at -20 C indicated that few differences in protective or destructive 
factors existed between the two menstrua. The shorter length of survival 
of ̂  flexneri at this temperature and 0.5 0 is consistent with the 
results obtained after storage at 25 C, and might indicate species 
difference. After storage periods varying in length from 47 to 86 days.
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surviving fractions of all organisms in both menstrua were still above 
10 It might be concluded from this that both whole egg and egg 
white afford good protection to microorganisms from the damaging effects 
of freezing.
Survival curves were not obtained for shigellae stored in oyster 
or shrimp at 25 Cj but viable cell counts indicated that initial popula­
tions of all organisms increased to some extent during the first few 
days of storage. ^  flexneri and sonnei, B-2569-2, apparently multi­
plied in clam stored at this temperature, but the survival curve for 
S. sonnei. 13527, indicated a decrease in numbers.
When organisms placed in seafoods were stored at 0.5 C, the survival 
curves for all organisms were similar in shape, and survival was longer 
in clam than in oyster or shrimp. At —20 C, surviving fractions had 
not reached 10“  ̂by the end of the storage periods, but it appeared 
that shigellae were able to survive longer in oyster than in clam or 
shrimp.
The chemical composition of seafoods might be favorable for the 
survival of microorganisms, especially since the protein concentration 
is high, which might provide protection and nutrients. Water, salt, 
and, in the case of clam, mono sodium glutamate, had been added to these 
commercially prepared seafoods in unspecified amounts. Furthermore, 
solutes from the sea water from which these shellfish were harvested 
might be expected to be present in small amounts in the commercial 
products. The mineral salts might influence survival, Carlucci and 
Pramer (I96O) found that some inorganic nutrients found in sea water
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fostered the survival of coll, as did a slightly acid reaction.
Ka iimoto (1955) reported that extracts from seaweeds exhibited anti­
bacterial activity against ^  flexneri and other microorganisms. The 
water from these menstrua evaporated during storage at 25 C, and the 
process of desiccation was probably partly responsible for decreased 
survival, at this temperature.
Survival in flour was generally good. All cultures survived for 
more than 100 days at temperatures of 25 and 0,5 C, and curves of surviving 
fractions were similarj with the exception that survival of ̂  flexneri 
was much shorter than ̂  sonnei at 25 C, Nutrients for microorganisms 
are plentiful in flour and the water content is low. It is known that 
intermediate amounts of water in the environment usually are more favor­
able to microbial life than small or large amounts. Thus, it might be 
expected that the water content in flour was optimal for survival in 
these cases. Storage temperatures were probably not high enough to 
cause rapid evaporation of water from the flour, and this might have 
been a factor in the prevention of dehydration of the samples. Bromate 
which had been added to the flour during processing could have had some 
effect on survival, although it was undoubtedly present in very low 
concentration. No references to survival of microorganisms in flour 
were found in the literature reviewed for this report.
Survival of Shigella species was poor in tomato juice stored at 
25 C, but longer at 0,5 C. At both temperatures, ^  sonnei, 13327, 
survived for considerably longer periods than the other two organisms.
The low pH of the juice (4.5) might have been the most important factor
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from the standpoint of survival. An unspecified amount of salt, presum­
ably sodium chloride, had been added to the tomato juice during proces­
sing. The effects of pH on survival of bacteria and their relations to 
temperature and to varying amounts of inorganic salts and organic acids 
have been reported in the literature (Cruess and Richert, 1929; Levine 
and Fellers, 1940; Erickson and Fabian, 1942; Fabian and Graham, 1953; 
Reeves and Harrison, 1957). Survival times observed in these experiments 
were longer in all cases than that reported for dysenteriae in tomatoes 
by Johnston and Kaake (1935) who found that viable organisms could be 
recovered after 2 but not after 6 days.
Low pH has also been reported as the factor limiting survival of 
microorganisms in unbottled soft drinks by Ramadan and Abd-Elnaby 
(1962). Eagon and Green (1957) concluded that carbonated beverages 
presented a highly unfavorable environment for bacteria, and that the 
killing effect was due mainly to low pH veulues, and also that carbona­
tion increased the efficiency of killing slightly. Insufficient data 
were obtained from cultures of shigellae placed in root beer and ginger 
ale to draw any conclusions on survival. However, some evidence of 
viability was present in root beer (pH 4.0) after 3 days storage, but 
none in ginger ale (pH 2,9) during the same period of time, Lynovskii 
(1937) reported that several strains of dysenteriae died within three 
to four days when inoculated into unpasteurized, nonalcoholic drinks. 
Donald, Jones, and MacLean (1924) studied reductions of bacterial popula­
tions in ginger ale under various conditions. They concluded that the 
germicidal factor was carbon dioxide, and not the pressure under which
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the beverage was bottled.
Cooking oil stored at 2.5 and 37 C provided poor conditions for the 
survival of Shigella species. Surviving fraction curves were plotted 
for the two species of sonnei at 25 C, The results agreed with the 
results of Pivnick, Englehard and Thompson (1954) who studied survival 
of enteric pathogens in soluble oil emulsions at 20 C,
Survival of all organisms was prolonged in urine; survival was 
longest at 25 C and shortest at 0,5 0, Surviving fraction cui"ves of the 
different species were similar. Human urine contains large amounts of 
organic and inorganic nutrients and is composed chiefly of water, so it 
may offer a suitable environment for the survival of microorganisms. 
Ammonium salts and sodium chloride, the two suspended solids in urine, 
were reported to protect bacteria from damage during freezing and drying 
(Naylor and Smith, 1946), Other possible effects of sodium chloride 
on survival have been discussed earlier.
Nutrient materials and water would not be expected to be limiting 
factors in the survival of shigellae in feces, but several other substances 
which might be present have been reported in the literature to be antag­
onistic to Shigella species (Fredericq and Levine, 1946; Halbert and 
Gravatt, 1949? Barker and Tribedi, 1953; Robbins, Parr, and Hann, 1958; 
Levine and Tanimoto, I96O; Hentges and Freter, 1962), Indol and skatol 
were found to be inhibitory to bacteria by Sandholzer and Tittsler 
(1934)? and antibodies which agglutinated paradysenteriae and ̂  sonnei 
were observed in fecal extracts by Barksdale and Ghoda (1951). Since 
the fecal samples employed as the menstmium in the present work were
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sterilized in the autoclave, destruction or reduction of the bactericidal 
properties of any of these substances originally present might have 
occurred due to heat and pressure during sterilization. Freter (1962), 
however, presented the hypothesis that the predominant mechanism of 
in vivo and in vitro antagonisms between coli and ̂  flexneri was 
based on competition for fermentable carbon sources in a reduced medium. 
If this is the case, the effects of altered chemical nature of autoclaved 
feces might have little relevance to survival.
Survival of all strains was greater in feces at the subfreezing 
temperature than at 0.5 C. ^  sonnei, 13327, survived longer than either 
S. flexneri or ̂  sonnei, B-2569-2. This inverse relationship between 
storage temperature and length of survival of sonnei and flexneri 
confirms the report of Bychkovskaia (1955), who found that ̂  flexneri 
and sonnei survived longer at lower temperatures than at higher 
temperatures. ^  flexneri survived longer than either strain of S. 
sonnei when stored in human blood at 25 or 37 C, but survived for a 
shorter period than sonnei, B-2569-2, at a temperature of 0.5 C. 
Survival of all three organisms was directly related to length of 
storage. At 25 and 37 C, the blood dried in the tubes and therefore was 
reconstituted with physiological saline before sampling. This procedure 
yielded recordable counts, and no variations in surviving curves could 
be correlated with the reconstitution procedure. Red blood cells were 
hemolyzed after the first few days of storage at 25 and 37 C, but no 
hemolysis was evident in tubes held at 0.5 C by the end of the storage 
periods.
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Factors in whole blood which might be detrimental to survival of 
Shigella species are the iron-binding component of plasma (Schade and 
Caroline, 1946) and agglutinating antibodies in serum (Barksdale and 
Ghoda, 1951)* The blood used in this experiment did not contain Shigella 
antibodies. It might be possible that the presence of fimbriae, which 
was reported in ̂  flexneri, by Duguid and Gillies (1957), was a factor 
in the increased survival of ̂  flexneri in this menstruum.
Data obtained for the survival of organisms in human serum were 
unreliable, and no conclusions were drawn regarding the survival of 
shigellae in this menstruum.
Rabbit serum was reported to exhibit bactericidal activity to a 
lesser degree than human serum (Muschel, Chamberlin and Osawa, 1956a).
The results of the present experiments indicated that sonnei, strains 
13327 and B-2569—2, did not survive as long in rabbit serum as in horse 
serum. On the other hand, ^  flexneri survived longer in horse serum 
than in rabbit serum at the two intermediate temperatures. Survival in 
both types of sera was generally poor as compared to survival in the 
other biological materials tested. The high protein content of serum 
and natural bactericidal activity may have influenced the survival of 
shigellae in these menstrua.
The extent and length of survival of members of the genus Shigella 
in foods and biological materials is of importance from an epidemio­
logical viewpoint. Any of the materials tested in these experiments 
could conceivably be implicated as sources of human infection. An 
infective dose of shigellae might survive in some of these materials.
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even in the desiccated state, for a sufficient period of time to cause 
infections long after the material has been contaminated with the 
organisms. The results of these experiments emphasize the necessity 
for proper care in handling, processing, and storage of foods and for 
prompt and proper disposal of biological wastes as means of prevention 
and control of shigellosis.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER VI 
SUMMARY
1. The survival of Shigella flexneri. Shigella sonnei, 13327» and
S. sonnei. B-2569—2, suspended in food products and biological 
materials, was studied at various storage temperatures (-20, 0.5»
25 and 37 C).
2, Surviving fraction curves were plotted, compared and discussed,
3. Survival times were longer in food products than in biological 
materials,
a, Shigellae survived longer in milk, flour, egg and seafoods than 
in tomato juice, orange juice, cooking oil and carbonated 
beverages.
b. The organisms survived longer in human feces, blood, and urine 
than in horse, rabbit and human serum,
4, The influence of storage temperatures upon the length of survival 
was observed,
a. In food products cultures stored at -20 and 0,5 C survived longer 
than at 25 and 37 C,
b. Storage temperatures of 25 and 37 C were usually more favorable 
for survival of shigellae in biological materials than -20 and
0.5 Cj however, shigellae survived in feces longer at the lower 
temperatures than at the higher temperatures.
81
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